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(54) METHOD FOR MANUFACTURING COMPOUND SEMICONDUCTOR WAFER AND COMPOUND 
SEMICONDUCTOR ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for manufacturing 
a compound semiconductor wafer and a compound semiconductor 
element by which an InGaP-based HBT with an improved 
characteristic of current amplification factor can be manufactured. 
SOLUTION: When a sub-emitter layer 45 is formed to manufacture 
a semiconductor wafer 1 for manufacturing the InGaP-based HBT 
after forming an emitter layer 44 by an MOCVD method, the sub- 
emitter layer 45 is grown at 600° C or lower and/or at a V/m ratio 
of 20 or less. Thus, the generation of a Ga defect can be controlled 
in the sub-emitter layer 45, and the semiconductor wafer 1 can be 
manufactured so that a bipolar semiconductor element with a 
hetero joint can be manufactured without reducing a current 
amplification factor of p. In addition, a base layer 43 is treated by 
dehydrogenation annealing before the sub-emitter layer 45 is 
formed, thereby resulting in the bipolar semiconductor element with 
a hetero joint having a large value of current amplification factor p. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It is a method for using the MOCVD method, carrying out vapor phase epitaxy of a collector layer, a base 
layer, an emitter layer t and the sub emitter layer in this order, on a compound semiconductor substrate, and 
manufacturing a compound semiconductor wafer for InGaP system HBT manufacture, A manufacturing method of a 
compound semiconductor wafer characterized by making it a V/III ratio grow up a n type GaAs layer by a growing 
condition used as the range of 20-1.0 as said sub emitter layer. 

[Claim 2]A manufacturing method of the compound semiconductor wafer according to claim 1 into which it was 
made for said n type GaAs layer to grow up said V/III ratio as within the limits of 10-1.0. 

[Claim 3jlt is a method for using the MOCVD method, carrying out vapor phase epitaxy of a collector layer, a base 
layer, an emitter layer, and the sub emitter layer in this order, on a compound semiconductor substrate, and 
manufacturing a compound semiconductor wafer for InGaP system HBT manufacture, A manufacturing method of a 
compound semiconductor wafer characterized by having grown up a n type GaAs layer as said sub emitter layer, and 
making it grow up growing temperature as within the limits of 600 ** - 500 **. 

[Claim 4]A manufacturing method of the compound semiconductor wafer according to claim 3 into which it was 
made for said n type GaAs layer to grow up said growing temperature as within the limits of 580 ** - 500 **. 
[Claim 5]A manufacturing method of the compound semiconductor wafer according to claim 3 into which it was 
made for a V/III ratio to grow up said n type GaAs layer as within the limits of 20-1.0. 

[Claim 6]A manufacturing method of the compound semiconductor wafer according to claim 4 into which it was 
made for a V/III ratio to grow up said n type GaAs layer as within the limits of 10-1.0. 

[Claim 7]It is a method for using the MOCVD method, carrying out vapor phase epitaxy of a collector layer, a base 
layer, an emitter layer, and the sub emitter layer in this order, on a compound semiconductor substrate, and 
manufacturing a compound semiconductor wafer for InGaP system HBT manufacture, A manufacturing method of a 
compound semiconductor wafer characterized by performing dehydration annealing treatment of said base layer 
before forming said sub emitter layer. 

[Claim 8]A manufacturing method of the compound semiconductor wafer according to claim 7 into which it grew up 
to be considering growing temperature as within the limits of 600 ** - 500 **, and was made for said sub emitter 
layer to grow up a V/III ratio as within the limits of 20-1.0 as a n type GaAs layer. 

[Claim 9]A compound semiconductor element manufacturing using a manufacturing method of the compound 
semiconductor wafer according to any one of claims 1 to 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the compound semiconductor element manufactured using the 
manufacturing method of the compound semiconductor wafer for the semiconductor device for high speed 
communications which operates in the frequency domain more than a microwave band and this 
[0002] 

[Description of the Prior Art] A heteroj unction bipolar transistor (HBT) is a bipolar transistor which used the 
substance with a larger band gap than a base layer for the emitter layer, and made emitter base junction the 
hetero-junction in order to raise emitter injection efficiency. 

Since it is suitable as a semiconductor device used in the frequency domain more than a microwave band, it is 
expected as a semiconductor device for next-generation cellular phones. 

[0003]In the case of InGaP system HBT, an organic metal thermal decomposition method (the MOCVD method) is 
generally used for the structure of HBT on a semi insulating GaAs substrate, for example. By carrying out crystal 
growth of an n + -GaAs layer (sub collector layer), n-GaAs layer (collector layer), p-GaAs layer (base layer). n-InGaP 
layer (emitter layer), and the n-GaAs layer (sub emitter layer) one after another, The pn junction which is emitter 
base junction forms the thin film crystal wafer of the layer system used as the structure of the hetero-junction 
mentioned above, and HBT is manufactured using this. 

[0004]Drawing 6 is a figure showing a general structure of InGaP system HBT typically. HBT100, The sub collector 
layer 102 which comprises an n + -GaAs layer on semi insulating GaAs substrate 101, the collector layer 103 which 
comprises n-GaAs layer, the base layer 104 which comprises p-GaAs layer, the emitter layer 105 which comprises 
n-InGaP layer. And the sub emitter layer 106 which comprises an n + -GaAs layer, and the emitter contact layer 107 
which comprises an n + -InGaAs layer are formed as a semiconductor thin film crystal layer using proper vapor phase 
growth, such as the MOCVD method, in this order. 

On the sub collector layer 102, it has the structure where the collector electrode 108 was formed on the base layer 
104, and the emitter electrode 110 was formed on the base electrode 109 and the emitter contact layer 107, 
respectively. 

[0005]When producing the InGaP system HBT transistor shown in drawing 6 . laminate the compound semiconductor 
thin film layer which has the same layer system as the layer system shown in drawing 6 on a GaAs substrate, for 
example by an organic metal pyrolysis (MOCVD) method, and produce it first as a compound semiconductor wafer, 
but It is known that the characteristic of the sub emitter layer 106 provided as a contact layer for the contact 
resistance reduction in the case of electrode attachment will have big influence on the current gain characteristic of 
HBT100. 
[0006] 

[Problem(s) to be Solved by the Invention]If this sub emitter layer is in the former, it is common for growing 
temperature to be 620 ** and to grow up a V/IH ratio as about 30 value. However, when a sub emitter layer is 
formed according to this conventional growing condition, it has the problem that the current gain beta of obtained 
HBT becomes low. When the carrier concentration of a sub emitter layer is 3x10 18 cm" 3 and a low value, it has the 
problem that the value of the current gain beta will fall by improvement of the injection efficiency by the increase in 
the thickness. Here, a V/m ratio is an amount-of-supply ratio of five group materials and three group materials at 
the time of 3-5 fellows compound-semiconductor-crystals growth. Generally in metal-organic chemical vapor 
deposition, feeding is supplied in the state of gas from a gas bomb or a bubbler. The amount of supply of the gas 
from a gas bomb is controlled by flow control devices, such as a massflow controller installed in the supply line, and 
x (gas concentration in a cylinder) (gas mass flow) becomes an actual flow rate of a raw material. The amount of 
supply of the gas from a bubbler is controlled by flow control devices, such as a massflow controller installed in the 
carrier gas supply line passed to a bubbler, and x(carrier gas flow) (charge steam pressure of bubbler Uchihara)/ 
(bubbler internal pressure) becomes an actual flow rate of a raw material. Generally what took the amount-of-supply 
ratio of five group materials and three group materials about the raw material actual flow rate supplied by these 
methods is called the V/m ratio. Also in this specification, the term of a V/in ratio is used as a thing according to an 
above-mentioned definition. 
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[0007]Thus, it is thought that Ga defect generated in the sub emitter layer diffuses it even in a base layer, and it . 
serves as a recombination center although the reason a sub emitter layer affects the current gain beta is not 
necessarily clear. 

[0008]The purpose of this invention is to provide the manufacturing method of the compound semiconductor wafer 
which can solve the above-mentioned problem in conventional technology, and a compound semiconductor element 
[0009]The purpose of this invention is to provide the manufacturing method of the compound semiconductor wafer 
for InGaP system HBT manufacture which can form a sub emitter layer as does not cause decline in current gain, 
and the compound semiconductor element using this. 

[0010]Other purposes of this invention are to provide the manufacturing method of the compound semiconductor 
wafer for InGaP system HBT manufacture which can make current gain high, and the compound semiconductor 
element using this. 
[0011] 

[Means for Solving the ProblemjA result to which this invention persons repeated various experiments and research 
in order to solve an aforementioned problem, When it is going to form a bipolar semiconductor element which forms 
a collector layer, a base layer, an emitter layer, and a sub emitter layer one by one on a compound semiconductor 
substrate with vapor phase epitaxy which used the MOCVD method, and has a hetero-junction, Find out that it can 
avoid reducing a value of current gain by choosing vapor-phase-epitaxy conditions for forming a sub emitter layer, 
and. Before forming a sub emitter layer, dehydration annealing of a base layer is given, and it finds out that a value 
of current gain is improvable by forming a sub emitter layer after an appropriate time, and comes to make this 
invention based on these knowledge. 

[0012]When forming a sub emitter layer by the MOCVD method after forming an emitter layer, and manufacturing a 
compound semiconductor wafer for InGaP system HBT manufacture, growing temperature of 600 ** or less reaches, 
or it is made to grow up this sub emitter layer on conditions not more than V/m ratio 20 in this invention. By 
choosing a growing condition mentioned above, a compound semiconductor wafer can be manufactured so that 
manufacture of a hetero-junction bipolar semiconductor element which can control generating of Ga defect in a sub 
emitter layer and for which the current gain beta is not reduced as a result may be enabled. 

[0013]In a case where form a sub emitter layer by the MOCVD method after forming a base layer and an emitter 
layer, and a compound semiconductor wafer for InGaP system HBT manufacture is manufactured in this invention. It 
enables it to obtain a hetero-junction bipolar semiconductor element with a large value of the current gain beta by 
carrying out dehydration annealing treatment of a base layer before formation of a sub emitter layer. 
[0014]According to the invention of claim 1 t on a compound semiconductor substrate A collector layer, a base layer, 
It is a method for carrying out vapor phase epitaxy of an emitter layer and the sub emitter layer using the MOCVD 
method in this order, and manufacturing a compound semiconductor wafer for InGaP system HBT manufacture, A 
manufacturing method of a compound semiconductor wafer characterized by making it a V/m ratio grow up a n type 
GaAs layer by a growing condition used as the range of 20-1.0 as said sub emitter layer is proposed. 
[0015]According to the invention of claim 2, in an invention of claim 1, a manufacturing method of a compound 
semiconductor wafer into which it was made to grow up said V/III ratio as within the limits of 10-1.0 is proposed in 
said n type GaAs layer. 

[0016]According to the invention of claim 3, on a compound semiconductor substrate A collector layer, a base layer, 
Are a method for carrying out vapor phase epitaxy of an emitter layer and the sub emitter layer using the MOCVD 
method in this order, and manufacturing a compound semiconductor wafer for InGaP system HBT manufacture, and 
as said sub emitter layer, A manufacturing method of a compound semiconductor wafer characterized by making it a 
n type GaAs layer grow up growing temperature as within the limits of 600 ** - 500 ** is proposed. 
[001 7]According to the invention of claim 4, in an invention of claim 3, a manufacturing method of a compound 
semiconductor wafer into which it was made for said n type GaAs layer to grow up said growing temperature as 
within the limits of 580 ** - 500 ** is proposed. 

[001 8] According to the invention of claim 5, in an invention of claim 3, a manufacturing method of a compound 
semiconductor wafer into which it was made to grow up said n type GaAs layer as within the limits of 20-1.0 is 
proposed in a V/III ratio. 

[0019]According to the invention of claim 6, in an invention of claim 4, a manufacturing method of a compound 
semiconductor wafer into which it was made to grow up said n type GaAs layer as within the limits of 10-1.0 is 
proposed in a V/III ratio. 

[0020]According to the invention of claim 7, on a compound semiconductor substrate A collector layer, a base layer, 
It is a method for carrying out vapor phase epitaxy of an emitter layer and the sub emitter layer using the MOCVD 
method in this order, and manufacturing a compound semiconductor wafer for InGaP system HBT manufacture, 
Before forming said sub emitter layer, a manufacturing method of a compound semiconductor wafer performing 
dehydration annealing treatment of said base layer is proposed. 

[0021] According to the invention of claim 8, in an invention of claim 7, a manufacturing method of a compound 
semiconductor wafer into which it grew up to be considering growing temperature as within the limits of 600 ** - 
500 **, and was made to grow up a V/III ratio as within the limits of 20-1.0 is proposed considering said sub emitter 
layer as a n type GaAs layer. 

[0022]According to the invention of claim 9, a compound semiconductor element manufacturing using a 
manufacturing method of the compound semiconductor wafer according to any one of claims 1 to 8 is proposed. 
[0023]When carrying out crystal growth of the sub collector layer with vapor phase epitaxy by the MOCVD method, 
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by making growing temperature into a little low temperature compared with the former of 600 ** or less. And or by 
making a V/III ratio small, as a result of controlling generating of Ga defect, it is thought that current gain is not 
reduced. Here, a publicly known proper thing, for example, Si, can be used for an impurity added in order to use 
carrier concentration of a sub emitter layer as a necessary level, and a special impurity does not need to be used 
for it 
[0024] 

[Embodiment of the Invention] Hereafter, with reference to drawings, it explains to details per example of an 
embodiment of the invention. 

[0025]Drawing 1 is a layer system figure showing typically an example of the thin film crystal wafer for HBT 
manufactured by the method of this invention. This thin film crystal wafer is a compound semiconductor wafer used 
for manufacture of InGaP system HBT, and explains an example of the embodiment in the case of manufacturing the 
semiconductor wafer of the layer system shown in drawing 1 by the method of this invention. Therefore, it is not the 
meaning which limits the method of this invention only to manufacture of the compound semiconductor wafer of the 
structure shown in drawing 1 . 

[0026]The structure of the semiconductor wafer 1 shown in drawing 1 is as follows. The MOCVD method is used for 
the semiconductor wafer 1 on GaAs substrate 2 which is semi insulating GaAs compound semiconductor crystals, it 
makes two or more one semiconductor thin film crystal growth phases after another laminate, and is constituted. If 
the semiconductor wafer 1 is explained with reference to drawing 1 . the buffer layer 3 which GaAs substrate 2 
comprises a semi insulating GaAs (001) layer, and comprises i-GaAs layer on GaAs substrate 2 is formed. 
[0027]The HBT stratum functionale 4 is formed on the buffer layer 3. The HBT stratum functionale 4 is formed on 
the buffer layer 3 at thickness predetermined [ as a semiconductor epitaxial growth crystal layer ] in the n " -GaAs 
layer which works as the n + -GaAs layer which works as the sub collector layer 41, and the collector layer 42 one by 
one. And similarly the p + -GaAs layer which works as the base layer 43 is formed as a semiconductor epitaxial 
growth crystal layer on the collector layer 42, and n-InGaP layer which works as the emitter layer 44 is formed on 
the base layer 43. And on the emitter layer 44, an n + -GaAs layer is formed as the sub emitter layer 45. and the n + - 
GaAs layer and the n + ~InGaAs layer are formed as the emitter contact layers 46 and 47, respectively. 
[0028]Next the method for forming each class mentioned above as an epitaxial growth semiconductor thin film 
crystal layer by the MOCVD method is explained in detail. 

[0029]The important section of the vapor-phase-epitaxy semiconductor manufacturing device 10 used for 
manufacturing the semiconductor wafer 1 shown in drawing 1 by the MOCVD method is roughly shown in drawing 2 . 
The vapor-phase-epitaxy semiconductor manufacturing device 10 is provided with the reactor 12 with which the 
material gas from the feeding system which is not illustrated is supplied via the feeding line 11, and the susceptor 13 
for carrying and heating GaAs substrate 2 is formed in the reactor 12. According to this embodiment, as for the 
susceptor 13, two or more GaAs substrates 2 are attached to the surface by the multiple prism, and the susceptor 
13 has publicly known composition which can be rotated with the slewing mechanism 14. The coil for carrying out 
high-frequency induction heating of the susceptor 13 is shown by the numerals 15. GaAs substrate 2 can be heated 
to necessary growing temperature by sending the current for heating through the coil 15 from the power supply 16 
for heating. The material gas supplied in the buffer layer 3 via the feeding line 11 by this heating can carry out a 
pyrolysis on GaAs substrate 2, and vapor phase epitaxy of the desired semiconductor thin film crystal can be 
carried out now by the MOCVD method on GaAs substrate 2. Used gas is discharged outside from the exhaust port 
12A, and is sent to a flue gas treatment apparatus. 

[0030]Drawing 3 is a diagram showing the growing temperature conditions at the time of the class formation in the 
case of manufacturing the semiconductor wafer 1 of the structure shown in drawing 1 using the vapor-phase- 
epitaxy semiconductor manufacturing device 10 shown in drawing 2 . 

[0031]Hereafter, how to form each class one by one on GaAs substrate 2 is explained, referring to drawing 3 . 
[0032]After carrying two or more GaAs substrates 2 on the susceptor 13 in the reactor 12, growing temperature 
shall be 700 ** and pretreatment which makes GaAs the buffer layer 3 and into which it is grown up about 500 nm 
is performed, using an arsine and trimethylgallium (TMG) as a raw material, using hydrogen as carrier gas. After an 
appropriate time, on the buffer layer 3, 500 nm of sub collector layers 41 are grown up as the growing temperature 
of 620 **, and the V/III ratio 20 as an n + -GaAs layer, and are formed. 

[0033]According to the presentation of the each thin film layer which should be formed mentioned later besides the 
material gas mentioned above, it has composition which can supply phosphine and trimethylindium (TMI) suitably 
from the material gas supplying system which is not illustrated. 

[0034]Next growing temperature is raised to 660 ** and an n + -GaAs layer is formed as the collector layer 42. After 
an appropriate time, growing temperature shall be 620 ** again and the base layer 43 and the emitter layer 44 are 
formed in predetermined thickness, respectively. And it is in the state where growing temperature was reduced at 

575 **, after ballast processing, and a V/III ratio is set to 20 and the sub emitter layer 45 is formed as an n + -GaAs 
layer. 

[0035]Thus. growing temperature shall be 575 ** lower than 620 ** which is the conventional general growing 
temperature for this kind of membrane formation as a growing condition for formation of the sub emitter layer 45, If 
n + -GaAs is grown epitaxially on the emitter layer 44 by this growing condition, it can suppress effectively that Ga 
defect occurs during the growth period of this n + -GaAs layer, and the sub emitter layer 45 with few Ga defects can 
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be formed. Growing temperature is a field for which a growth rate depends on temperature below 500 **, and since 
a growth rate falls rapidly, it is unreal. Therefore, it is preferred that the lower limit of growing temperature 
considers it as 500 ** in this case. 

[0036]Thus, if formation of the sub emitter layer 45 is completed, predetermined time heating of GaAs substrate 2 
by which each class was laminated in a predetermined annealing atmosphere by stopping supply of material gas and 
passing an arsine as was mentioned above will be carried out And the semiconductor wafer 1 of the layer system 
shown in drawing 1 is obtained after the end of annealing treatment by growing temperature's being 490 ** and 
forming the emitter contact layers 46 and 47. 

[0037]Since generating of Ga defect produced there at the time of formation of the sub emitter layer 45 can be 
effectively suppressed if the semiconductor wafer 1 is formed as mentioned above, HBT of an InGaP system which 
has the good current gain characteristic can be obtained without the value of the current gain beta falling, if InGaP 
system HBT of the **** composition shown in drawing 6 using the obtained semiconductor wafer 1 is manufactured. 

[0038]According to the above-mentioned embodiment, by making growing temperature at the time of formation of 
the sub emitter layer 45 into a value lower than the growing temperature at the time of the sub emitter layer 
formation in 575 ** and the former, it suppresses effectively that Ga defect occurs in the sub emitter layer 45, and 
this suppressed decline in current gain. However, this invention is not limited to this one embodiment 
[0039]The growing temperature of the sub emitter layer 45 should just be 600 ** or less, and is 580 ** or less 
preferably. Thus, become difficult to generate Ga defect produced by making growing temperature low there at the 
time of formation of the sub emitter layer 45, Generating of the defect used as the recombination center in the base 
layer 43 conjectured that Ga defect produced in the sub emitter layer 45 is the cause decreases, and it is thought 
that it can prevent falling rather than the value which the current gain of HBT manufactured using the 
semiconductor wafer 1 planned. 

[0040]If it replaces with reducing growing temperature here at the time of formation of the sub emitter layer 45, or it 
adds to this and the value of the V/III ratio at the time of formation of the sub emitter layer 45 is made or less into 
20. Similarly, generating of Ga defect in the sub emitter layer 45 can be suppressed remarkably, and the same effect 
as the case where growing temperature is made low is acquired. That is, an effect equivalent to the case where 
growing temperature is 600 ** or less is acquired by performing the growth on the conditions not more than V/III 
ratio 20 at the time of formation of the sub emitter layer 45. At the time of formation of the sub emitter layer 45, in 
a V/III ratio, of course, it is good also as 20 or less, and an in this case more much more good effect is acquired at 
the same time growing temperature shall be 600 ** or less. 

[0041]Drawing 4 is a diagram showing another growing temperature conditions for describing other embodiments of 
this invention. At the embodiment according to the diagram shown in drawing 4 . it differs from the case of the 
embodiment shown in drawing 3 greatly in that annealing treatment is performed before formation of the sub emitter 
layer 45, and is the same as that of the case of the embodiment described with reference to drawing 3 about other 
processes. 

[0042]Therefore, only the process of this different portion is explained with reference to drawing 4 . If the emitter 
layer 44 is formed and ballast processing is performed, annealing treatment will be performed in advance of 
formation of the sub emitter layer 45. This annealing treatment is the dehydration annealing treatment for making 
hydrogen secede from the base layer 43, is 675 ** in temperature under the atmosphere of hydrogen, and performs 
annealing treatment for 5 minutes. 

[0043]Thus, after performing dehydration annealing of the base layer 43, growing temperature shall be 575 ** and 
the sub emitter layer 45 is formed. The formation method of the sub emitter layer 45 here is completely the same 
as that of the sub emitter layer 45 which was explained with reference to drawing 3. If the sub emitter layer 45 is 
formed, the emitter contact layers 46 and 47 will be formed. 

[0044]Thus t if dehydration annealing is given to the base layer 43 before formation of the sub emitter layer 45, Ga 
defect of the base layer 43 can be reduced, but by dehydration annealing after forming the sub emitter layer 45, it is 
thought that Ga defect will arise again in the base layer 43. 

[0045]Since the growing temperature at that time is a temperature of 600 ** or less lower enough than annealing 

temperature, it cannot make the base layer 43 easily produce Ga defect in the method of following drawing 4 , even if 

it forms the sub emitter layer 45 after the dehydration annealing treatment to the base layer 43. 

[0046]Current gain will be sharply improved by annealing treatment by the above reason, and HBT with a big value 

of current gain can be manufactured. 

[0047] 

[Example](Example 1) The compound semiconductor wafer of the layer system shown in drawing 1 was 
manufactured according to the diagram shown in drawing 3 . The growing condition of the sub emitter layer 45 at this 
time was 575 ** in growing temperature, as shown in drawing 3 . it set the V/III ratio to 10, and made that thickness 
500 A. Thus, it was 115, when HBT of the structure shown in drawing 6 using the manufactured compound 
semiconductor wafer was manufactured and current gain was measured. Although thickness was 2000 A on the 
same conditions, most decline in current gain was not seen, but was the 1 15 [ same ] as the case of the point. 
[0048](Comparative example) In order to compare with Example 1, growing temperature was 620 ** the growing 
condition of the sub emitter layer 45, the V/III ratio was set to 30, and it was made to grow up to be 500-A 
thickness. It was 105 when current gain was measured like the case of Example 1 about this. The carrier 
concentration of the sub emitter layer 45 at this time was 3x10 18 crrT 3 . Although another sample which made 
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thickness 2000 A on the same conditions was manufactured, by thickening thickness, current gain was set to 80 and 
fell about 15% compared with the case where thickness is 500A. 

[0049]Each measurement result of Example 1 and a comparative example takes thickness along a horizontal axis, 
takes current gain along a vertical axis, and is shown in drawing 5 . It is not influenced by the thickness of the sub 
emitter layer 45, but drawing 5 shows that decline in current gain is suppressed good, when based on this invention. 
[0050](Example 2) The compound semiconductor wafer of the layer system shown in drawing 1 was manufactured 
according to the diagram shown in drawing 4 . The growing condition of the sub emitter layer 45 at this time was 575 
** as growing temperature showed drawing 4 . it set the V/III ratio to 10. and made that thickness 2000 A. Thus, it 
was 130, when HBT of the structure shown in drawing 6 using the manufactured compound semiconductor wafer 
was manufactured and current gain was measured. 

[005l]In the case of Example 2, current gain is considered that 130 and the reason which increased are as follows. If 
dehydration annealing of the base layer 43 is carried out after sub emitter layer 45 growth, substrate temperature 
will be about 660 **, and even if it rationalizes the growing condition of the sub emitter layer 45 and controls 
generating of Ga defect, Ga defect will generate it again in subsequent dehydration annealing. However, if 
dehydration annealing of the base layer 43 is carried out before sub emitter layer 45 growth, Ga defect will not be 
generated by combining with the low-temperature growing condition of the sub emitter layer 45. If dehydration 
annealing of the base layer 43 is carried out before growth of the sub emitter layer 45 and the sub emitter layer 45 
is grown up with the high growing temperature of not less than 600 **, since hydrogen will be again incorporated 
during growth of the sub emitter layer 45 to the base layer 43, the current gain beta will improve, but The drift of 
collector current will become large. 
[0052] 

[Effect of the Invention]Like ****, only by controlling a growing condition, generating of Ga defect of a sub emitter 
layer can be suppressed, and. thereby, decline in the current gain of HBT can be effectively suppressed in this 
invention. 

Therefore, manufacture of the compound semiconductor wafer which was excellent in the electrical property by low 
cost is attained, and a highly efficient semiconductor device can be provided by low cost. 

[0053]Only by making it ** which performs annealing treatment to a base layer before formation of a sub emitter 
layer, since increase of the current gain of HBT can be aimed at, manufacture of the compound semiconductor 
wafer which was excellent in the electrical property by low cost is attained, and a highly efficient semiconductor 
device can be provided by low cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The layer system figure showing typically an example of the thin film crystal wafer for HBT manufactured 
by the method of this invention. 

[Drawing 2jThe figure showing roughly the important section of the vapor-phase-epitaxy semiconductor 
manufacturing device used for manufacturing the semiconductor wafer shown in drawing 1 by the MOCVD method. 
[Drawing_3]The diagram showing the growing temperature conditions at the time of the class formation in the case 
of manufacturing the semiconductor wafer of the structure shown in drawing 1 using the vapor-phase-epitaxy 
semiconductor manufacturing device shown in drawing 2 . 

[Drawing 4]The diagram showing another growing temperature conditions at the time of the class formation in the 
case of manufacturing the semiconductor wafer of the structure shown in drawing 1 using the vapor-phase-epitaxy 
semiconductor manufacturing device shown in drawing 2 . 

[DrawingJflThe graph which takes thickness along a horizontal axis for each measurement result of Example 1 and a 
comparative example, takes current gain along a vertical axis, and is shown. 
[Drawing 6l The figure showing the structure of InGaP system HBT typically. 
[Description of Notations] 

1 Semiconductor wafer 

2 GaAs substrate 

3 Buffer layer 

4 HBT stratum functionale 

10 Vapor-phase-epitaxy semiconductor manufacturing device 

1 1 Feeding line 

12 Reactor 

12A Exhaust port 

13 Susceptor 
15 Coil 

41 Sub collector layer 

42 Collector layer 

43 Base layer 

44 Emitter layer 

45 Sub emitter layer 

46, 47 emitter contact layers 



[Translation done.] 
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